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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a single crystal, by which a value of V/G having a desired 
defect area and/or a desired defect-free area can be determined more precisely when the single crystal is pulled by controlling 
the value of V/G. and a desired quality single crystal can be pulled more exactly. 

SOLUTION: In the method for manufacturing the single crystal by pulling a seed crystal from a raw material melt by the 
Czochralski method, when the pulling speed at the time of pulling the single crystal is defined as V(mm/min) f the temperature 
gradient of the solid-liquid interface is defined as G (K/mm), and the maximum temperature at the interface between a crucible 
and the raw material melt is defined as Tmax (° C) ? a range of the values of V/G (mm2/K x min) having the desired defect area 
and/or the desired defect-free area depending on at least Tmax (° C) is determined, and the single crystal is pulled by 
controlling the value of V/G (mm2/Kx min) to be within the determined range. 
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PROBLEM TO BE SOLVED: To provide a method for manufacturing a single crystal, by which a value 
of V/G having a desired defect area and/or a desired defect-free area can be determined more 
precisely when the single crystal is pulled by controlling the value of V/G, and a desired quality single 
crystal can be pulled more exactly. 

SOLUTION: In the method for manufacturing the single crystal by pulling a seed crystal from a raw 
material melt by the Czochralski method, when the pulling speed at the time of pulling the single crystal 
is defined as V(mm/min), the temperature gradient of the solid-liquid interface is defined as G (K/mm), 
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as Tmax (°C) t a range of the values of V/G (mm2/Kx m in) having the desired defect area and/or the 
desired defect-free area depending on at least Tmax (°C) is determined, and the single crystal is pulled 
by controlling the value of V/G (mm2/Kx m in) to be within the determined range. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

In the approach of pulling up seed crystal from raw material melt with the Czochrlski method, and 
manufacturing a single crystal The temperature gradient of V (mm/min) and a solid-liquid interface for the 
pull-up rate at the time of pulling up a single crystal G (K/mm), When the maximum temperature in the 
interface of a crucible and raw material melt is set to Tmax (degree C), the range of V/G value (mm2/K- 
min) which has a request defective field and/or a request defect-free field according to Tmax (degree C) at 
least is determined. The manufacture approach of the single crystal characterized by controlling the value of 
V/G (mm2/K-min) in the determined range, and pulling up a single crystal. 
[Claim 2] 

The manufacture approach of the single crystal according to claim 1 characterized by controlling said V/G 
value (mm2/K-min) in the range below more than -0.000724xTmax+1.31-0.000724xTmax+1.38, and 
pulling up a single crystal. 
[Claim 3] 

The manufacture approach of the single crystal according to claim 1 characterized by controlling said V/G 
value (mm2/K-min) in the range beyond -0.000724xTmax+l .38, and pulling up a single crystal. 
[Claim 4] 

The manufacture approach of the single crystal according to claim 1 characterized by controlling said V/G 
value (mm2/K-min) in the range not more than more than -0.000724xTmax+1.31-0.000724xTmax+1.35, 
and pulling up a single crystal. 
[Claim 5] 

The manufacture approach of a single crystal given in any 1 term of claim 1 characterized by pulling up a 
single crystal for said Tmax (degree C) as range of 1 560 degrees C or less thru/or claim 4. 
[Claim 6] 

The manufacture approach of a single crystal given in any 1 term of claim 1 characterized by to prepare a 
heat insulator between the heaters arranged so that the crucible and this crucible which hold raw material 
melt for said Tmax (degree C) at least may be surrounded, or changing by arranging a heat insulator in a 
crucible bottom surface part thru/or claim 5. 
[Claim 7] 

The manufacture approach of a single crystal given in any 1 term of claim 1 characterized by using said 
single crystal as silicon thru/or claim 6. 
[Claim 8] 

The manufacture approach of a single crystal given in any 1 term of claim 1 characterized by setting the 
diameter of said single crystal to 200mm or more thru/or claim 7. 
[Claim 9] 

The single crystal manufactured by the approach given in any 1 term of claim 1 thru/or claim 8. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the approach of manufacturing the single crystal of a request defective field and/or 
a request defect-free field especially, about the manufacture approach of the single crystal by the Czochrlski 
method. 
[0002] 

[Description of the Prior Art] 

The single crystal used as a substrate of a semiconductor device has a silicon single crystal, and is mainly 
manufactured by the Czochrlski method (it is called Czochralski Method and a following CZ process for 
short). 
[0003] 

In case a single crystal is manufactured by the CZ process, it is manufactured using the single crystal 
manufacturing installation 1 as shown in drawing 2 . This single crystal manufacturing installation 1 has the 
member for holding and fusing raw material polycrystal like silicon, the heat insulation member for 
intercepting heat, etc., and these are held in the Maine chamber 2. From the head-lining section of the Maine 
chamber 2, the pull-up chamber 3 extended upwards is connected, and the device (un-illustrating) in which a 
single crystal 4 is pulled up with a wire 5 is prepared in this upper part. 
[0004] 

The graphite crucible 8 which supports the quartz crucible 7 which holds the raw material melt 6 by which 
melting was carried out in the Maine chamber 2, and its quartz crucible 7 is formed, and these crucibles 7 
and 8 are supported with the shaft 9 free [ rotation rise and fall ] by the drive (un-illustrating). He is trying 
for the drive of these crucibles 7 and 8 to raise crucibles 7 and 8 by oil-level fall that the oil-level fall of the 
raw material melt 6 accompanying a pull-up of a single crystal 4 should be compensated. 
[0005] 

And the graphite heater 10 for carrying out melting of the raw material is arranged so that crucibles 7 and 8 
may be surrounded. In order to prevent that the heat from the graphite heater 10 is directly radiated on the 
Maine chamber 2, it is prepared in the outside of this graphite heater 10 so that the heat insulation member 
1 1 may enclose that perimeter. 
[0006] 

Moreover, the graphite cylinder 13 is formed in the cooling dome 12 which cools the single crystal pulled 
up, and its lower part, and it enables it to cool the single crystal which carried out the lower stream of a river 
of the coolant gas, and pulled up it from the upper part to this. Furthermore, while forming a heat insulator 
14 and cutting the radiation from the front face of raw material melt 6 so that the outside lower limit of the 
graphite cylinder 13 may be countered with raw material melt 6, he is trying to keep warm the front face of 
raw material melt 6. 
[0007] 

Raw material polycrystal is held in the quartz crucible 7 arranged in the above single crystal manufacturing 
installations 1, it heats at the graphite heater 10, and melting of the polycrystal raw material in the quartz 
crucible 7 is carried out. Thus, the single crystal 4 which has a desired diameter and quality in the lower part 
of seed crystal 16 is raised by pulling up making the seed crystal 16 fixed with the seed electrode holder 15 
which has connected the polycrystal raw material to the raw material melt 6 which carries out melting in the 
lower limit of a wire 5 ****, and rotating seed crystal 16 after that. Under the present circumstances, after 
making seed crystal 16 **** to raw material melt 6, perform the so-called seed diaphragm (necking) which 
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makes a diameter once thin at about 3mm, and forms a converging section, and subsequently to desired 
aperture, it is made to grow fat until it becomes, and the crystal of a non-rearrangement is pulled up. 
[0008] 

The silicon single crystal manufactured by such CZ process is mainly used for manufacture of a 
semiconductor device. In recent years, in the semiconductor device, high integration progresses and 
detailed-ization of a component is progressing. The problem of the Grown-in crystal defect introduced into 
crystal growth because detailed-ization of a component progresses is more important. 
[0009] 

Here, a Grown-in crystal defect is explained (refer to drawing 5 ). 

In the silicon single crystal, when a crystal growth rate is a high speed comparatively, the field where 
Grown-in defects, such as FPD (Flow Pattern Defect) considered as the void reason to which the point 
defects of a hole mold gathered, and COP (Crystal Originated Particle), exist in high density throughout the 
direction of the diameter of a crystal, and these defects exist is called V (Vacancy) field. Moreover, if an 
OSF (oxidation induction stacking-fault, Oxidation Induced Stacking Fault) field will occur in the shape of a 
ring from the circumference of a crystal with the fall of a growth rate if the growth rate is lowered, and a 
growth rate is further made into a low speed, an OSF ring will contract and disappear at the core of a wafer. 
On the other hand, if a growth rate is further made into a low speed, the field where defects considered to be 
the dislocation loop reasons to which the silicon between grids gathered, such as LSEPD (Large Secco Etch 
Pit Defect) and LFPD (Large Flow Pattern Defect), exist in a low consistency, and this defect exists is called 

1 (Interstitial) field. 
[0010] 

In recent years, existence of the field where LSEPD of the silicon reason between grids, LFPD, etc. do not 
exist as for FPD of a hole reason on the outside of an OSF ring, COP, etc. is discovered in the middle of V 
field and an I region. This field is called N (neutral, Neutral) field. Moreover, if this N field is classified 
further, there is a nickel field (field with much silicon between grids) contiguous to Nv field (field with 
many holes) contiguous to the outside of an OSF ring and an I region, and in Nv field, when thermal 
oxidation processing is carried out, there are many amounts of precipitation of oxygen, and it turns out that 
there is almost no precipitation of oxygen in nickel field. 

Furthermore, it is found out after thermal oxidation processing that a part of Nv field which precipitation of 
oxygen tends to generate has the field (it considers as Cu depository defective field hereafter.) which the 
defect detected by Cu deposition processing generates remarkably, and it turns out that this becomes the 
cause of degrading an electrical property like an oxide-film proof-pressure property. 
[0011] 

These Grown-in defects are considered that the amount of installation is determined with a parameter called 
a pull-up rate (V), and V/G value which is the ratio of the temperature gradient (G) of a solid-liquid 
interface (for example, nonpatent literature 1 reference.). That is, if a pull-up rate and a temperature gradient 
are adjusted so that V/G value may become fixed, a single crystal can be pulled up in a desired defective 
field or a desired defect- free field. 
[0012] 

For example, in case a silicon single crystal is pulled up, pulling up the single crystal which controls V/G 
value, and has a nucleus in an OSF ring or an OSF ring in pulling up a defect-free single crystal (for 
example, patent reference 1 reference.) and a field, and has gettering capacity (for example, patent reference 

2 reference.) etc. is indicated. Moreover, controlling V/G value, adding nitrogen further, and raising the 
silicon single crystal of an I region (for example, patent reference 3 reference.) or adding nitrogen similarly 
and raising a single crystal with uniform size of the defect in a single crystal, consistency, and distribution 
(for example, patent reference 4 reference.) are indicated. And the wafer of the wafer of N field which 
eliminated V field and the I region from the whole surface, the wafer which has arranged OSF on the 
periphery, or N field without Cu depository defective field etc. can be manufactured from the single crystal 
manufactured in this way, for example. 

[0013] 

However, although V/G value which actually investigates defective distribution and has this field were 
calculated and the single crystal was pulled up with calculated its V/G value when the whole surface pulled 
up the single crystal of N field, for example, many examples from which prospective V/G value, and V/G 
value which can actually obtain the single crystal of a whole surface N field differ existed. If the pull-up rate 
V was not made into the low speed in fact than the rate V of anticipation in spite of having set up the 
structure in a furnace (hot zone: HZ) so that the temperature gradient G of a solid-liquid interface might 
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become large in order to pull-up speed up [ V ] and to raise the productivity of the single crystal of a request 
defective field and/or a request defect-free field especially, it was able to see, also when the single crystal of 
request quality was not able to be pulled up. Thus, there was a problem that a value with exact V/G value 
which has a request defective field and/or a request defect-free field was not clear, and it was difficult to 
obtain the single crystal of high quality efficiently. 
[0014] 

[Patent reference 1 ] 
JP,11-147786,A 
[Patent reference 2] 
JP,2000-44388,A 
[Patent reference 3] 
JP,11-349394,A 
[Patent reference 4] 
JP,2002-57160,A 
[Nonpatent literature 1 ] 

V. V.Voronkov, Journal of CrystalGrowth, 59 (1982), 625-643 
[0015] 

[Problem(s) to be Solved by the Invention] 

In case this invention was made in view of such a trouble, controls V/G value and a single crystal is pulled 
up, V/G value which has a request defective field and/or a request defect-free field more correctly can be 
determined, and it aims at offering the manufacture approach of a single crystal that the single crystal of 
request quality can be pulled up more certainly. 
[0016] 

[Means for Solving the Problem] 

In the approach of having been made in order that this invention might solve the above-mentioned technical 
problem, pulling up seed crystal from raw material melt with the Czochrlski method, and manufacturing a 
single crystal The temperature gradient of V (mm/min) and a solid-liquid interface for the pull-up rate at the 
time of pulling up a single crystal G (K/mm), When the maximum temperature in the interface of a crucible 
and raw material melt is set to Tmax (degree C), the range of V/G value (mm2/K-min) which has a request 
defective field and/or a request defect-free field according to Tmax (degree C) at least is determined. The 
manufacture approach of the single crystal characterized by controlling the value of V/G (mm2/K-min) in 
the determined range, and pulling up a single crystal is offered (claim 1). 
[0017] 

Thus, correct the value of V/G value (mm2/K-min) which has a request defective field and/or a request 
defect-free field according to Tmax (degree C) at least, and the range is determined. By controlling the value 
of V/G (mm2/K-min) in the determined range, and pulling up a single crystal Since V/G value (mm2/K- 
min) which has a request defective field and/or a request defect- free field can be determined more correctly, 
the single crystal of a request defective field and/or a defect-free field can be pulled up more certainly. 
Moreover, V/G value which has the request defective field and/or request defect-free field according to 
various single crystal equipments can be expected correctly, and also it is useful in case a single crystal 
manufacturing installation is designed. And the single crystal which has request quality can be efficiently 
manufactured by this. 

In addition, the temperature gradient G of a solid-liquid interface (K/mm) means the temperature gradient in 
the range of melting point (in case of silicon 1412 degrees C) -1400 degree C of a raw material here, 
moreover, control of V/G value (mm2/K-min) ~ ****** of a crystal — the thing of control of V/G value 
mostly crossed to the whole region (they are removed since 0-2cm of periphery sides is an out-diffusion 
field) is said. 
[0018] 

In this case, said V/G value (mm2/K-min) can be controlled in the range below more than - 
0.000724xTmax+1.31-0.000724xTmax+1.38, and a single crystal can be pulled up (claim 2). 
[0019] 

Thus, the single crystal which certainly has N field and/or an OSF field can be manufactured by controlling 
V/G value (mm2/K-min) in the range below more than -0.000724xTmax+1.31-0.000724xTmax+1.38, and 
pulling up a single crystal. 

The single crystal which certainly has N field can be manufactured by controlling V/G value (mm2/K-min) 
in the range not more than more than -0.000724xTmax+1.31-0.000724xTmax+1.37, and pulling up a single 
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crystal more preferably. 
[0020] 

In this case, said V/G value (mm2/K-min) can be controlled in the range beyond -0.000724xTmax+l .38, 

and a single crystal can be pulled up (claim 3). 

[0021] 

Thus, the single crystal which eliminated the OSF ring to the method of outside certainly can be 
manufactured by controlling said V/G value (mm2/K-min) in the range beyond -0.000724xTmax+1.38, and 
pulling up a single crystal. 
[0022] 

In this case, said V/G value (mm2/K-min) can be controlled in the range not more than more than - 
0.000724xTmax+l .3 1 -0.000724xTmax+l .35, and a single crystal can be pulled up (claim 4). 
[0023] 

Thus, the single crystal which has N field which does not have Cu depository defective field certainly can be 
manufactured by controlling V/G value (mm2/K-min) in the range not more than more than - 
0.000724xTmax+1.31-0.000724xTmax+1.35, and pulling up a single crystal. 
[0024] 

In this case, it is desirable to pull up a single crystal for said Tmax (degree C) as range of 1560 degrees C or 

less (claim 5). 

[0025] 

Thus, V/G value can be made large enough by making Tmax (degree C) into the range of 1 560 degrees C or 
less. Therefore, it can fully pull-up speed up [ V ] at the time of pulling up the single crystal which has a 
request defective field and/or a request defect-free field (mm/min), and the productivity of a single crystal 
can fully be raised. 
[0026] 

In this case, it can change preparing a heat insulator between the heaters arranged so that the crucible and 
this crucible which hold raw material melt for said Tmax (degree C) at least may be surrounded, or by 
arranging a heat insulator in a crucible bottom surface part (claim 6). 
[0027] 

Thus, Tmax (degree C) can be changed into request temperature preparing a heat insulator between the 
heaters arranged so that the crucible and this crucible which hold raw material melt may be surrounded at 
least, or by arranging a heat insulator in a crucible bottom surface part. 
[0028] 

In this case, said single crystal can be used as silicon (claim 7). 
[0029] 

A single crystal manufacturing installation is diversified, the manufacture approach of the single crystal of 
this invention is difficult to determine correctly V/G value which has a request defective field and/or a 
request defect- free field upwards, and although the silicon single crystal with which the demand to quality is 
severe is manufactured, it is especially suitable in recent years. 
[0030] 

In this case, the diameter of said single crystal can be set to 200mm or more (claim 8). 
[0031] 

Need increases, and the manufacture approach of the single crystal of this invention is especially effective in 
recent years, although the single crystal with a diameter of 200mm or more with which the demand to 
quality is also severe is manufactured. 
[0032] 

And the single crystal manufactured by the manufacture approach of the single crystal of such this invention 

is quality (claim 9). 

[0033] 

[Embodiment of the Invention] 

Hereafter, although the gestalt of operation of this invention is explained, this invention is not limited to 
these. 

Although this invention persons are the single crystals of the example which prospective V/G value, and 
actual V/G value contradict as a result of advancing investigation wholeheartedly, making full use of an 
experiment, simulation, etc., for example, the same defective distribution The example which was expected 
in order to pull up the single crystal of a request defective field and/or a request defect-free field and from 
which it pulls up and a rate V and the actual pull-up rate V differ When pulling up the single crystal of a 
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request defective field and/or a request defect-free field with the structure in a furnace of various gestalten 
(hot zone: HZ), it found out that it was because V differs from the G value which has the field according to 
each HZ. Then, when the parameter which can be used in common by various HZ(s) could be found out, this 
invention persons hit on an idea for more suitable V/G value to be determined by using the parameter 
according to each HZ, and completed this invention. 
[0034] 

Namely, this invention is set to the approach of pulling up seed crystal from raw material melt with the 
Czochrlski method, and manufacturing a single crystal. The temperature gradient of V (mm/min) and a 
solid-liquid interface (melting point -1400 degree C of a raw material) for the pull-up rate at the time of 
pulling up a single crystal G (K/mm), When the maximum temperature in the interface of a crucible and raw 
material melt is set to Tmax (degree C), the range of V/G value (mm2/K-min) which has a request defective 
field and/or a request defect- free field according to Tmax (degree C) at least is determined, the determined 
range - the value of V/G (mm2/K-min) -.**♦*** G fa crystal - the manufacture approach of the single 
crystal characterized by crossing to the whole region (except for 0-2cm of periphery sides) mostly, 
controlling, and pulling up a single crystal is offered. 
[0035] 

Thus, in this invention, the maximum temperature Tmax in the interface of a crucible and raw material melt 
other than V/G value (degree C) is used as a parameter which can be used in common by various HZ(s). 
This Tmax (degree C) can be obtained by arranging a thermocouple by 2cm unit toward a periphery from 
the bottom of a crucible, and measuring temperature, and it can calculate by simulation and it can also be 
calculated. 
[0036] 

Here, drawing 4 is a graph which shows V/G value of the boundary of Nv field and nickel field, and the 
relation of Tmax (degree C). V/G value, and Tmax (degree C) have beautiful correlation, and it turns out 
that it is a very useful parameter at the time of determining V/G value which has a request defective field 
and/or a request defect-free field so that clearly from drawing 4 . That is, in order to determine V/G value 
which should be controlled, amendment by Tmax (degree C) is required. 
[0037] 

Therefore, the single crystal of a request defective field and/or a request defect-free field can be certainly 
pulled up by determining the range of V/G value (mm2/K-min) which has a request defective field and/or a 
request defect-free field according to Tmax (degree C) at least, controlling the value of V/G (mm2/K-min) 
in the determined range, and pulling up a single crystal. Moreover, since V/G value (mm2/K-min) which has 
a request defective field and/or a request defect-free field can be more correctly determined according to 
each of various HZ(s), even if it uses the equipment which has what kind of HZ, it is useful, also in case the 
crystal of request quality can be obtained efficiently and a single crystal manufacturing installation is 
designed. 
[0038] 

Then, the result further investigated in the detail is shown in drawing 3 about the range of V/G value used as 
the single crystal of a request defective field and/or a defect-free field, and Tmax. Drawing 3 (a) is a graph 
which shows the range of V/G value used as N field and an OSF field, and Tmax. Moreover, drawing 3 (b) 
is a graph which shows the range of V/G value used as V field, and Tmax. Furthermore, drawing 3 (c) is a 
graph which shows the range of V/G value used as N field without Cu depository defective field, and Tmax. 

[0039] 

The single crystal which certainly has N field and/or an OSF field can be manufactured by controlling V/G 
value (mm2/K-min) in the range below more than -0.000724xTmax+1.31-0.000724xTmax+ 1.38, and 
pulling up a single crystal so that clearly from drawing 3 (a). 

The single crystal which certainly has N field can be manufactured by controlling V/G value (mm2/K-min) 
in the range not more than more than -0.000724xTmax+l .3 1 -0.000724xTmax+l .37, and pulling up a single 
crystal more preferably. 
[0040] 

Moreover, the single crystal which eliminated the OSF ring to the method of outside certainly can be 
manufactured by controlling V/G value (mm2/K-min) in the range beyond -0.000724xTmax+L38, and 
pulling up a single crystal so that clearly from drawing 3 (b). 
[0041] 

Furthermore, the single crystal which has N field which does not have Cu depository defective field more 
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certainly can be manufactured by controlling V/G value (mm2/K-min) in the range not more than more than 
-0.000724xTmax+1.31-0.000724xTmax+1.35, and pulling up a single crystal so that clearly from drawing 3 
(c). 
[0042] 

Moreover, V/G value (mm2/K-min) which has a request defective field and/or a request defect-free field can 
be made high enough by making Tmax (degree C) into the range of 1 560 degrees C or less so that drawing 3 
(a) - (c) may be seen and understood. For example, drawing 3 (a) and drawing 3 (c) show that V/G value of 
the boundary of 1 560 degrees C or less, then an I region and N field (mm2/K-min) are made to 0. 1 8 or more 
and a high thing by Tmax (degree C). Therefore, the single crystal of request quality can be manufactured 
now with sufficient productivity. 
[0043] 

In addition, the maximum temperature Tmax in the interface of a crucible and raw material melt (degree C) 
can be changed by changing HZ. 

For example, it can change into the request range preparing a heat insulator between the heaters arranged so 
that the crucible and this crucible which hold raw material melt may be surrounded at least, or by arranging 
a heat insulator in a crucible bottom surface part. 
[0044] 

Among these, the single crystal manufacturing installation by which the heat insulator was arranged in the 
crucible bottom surface part and the lateral portion is shown in drawing 1 . This single crystal manufacturing 
installation 1 is almost the same as the single crystal manufacturing installation shown by drawing 2 except 
having arranged the heat insulator 1 7 in the crucible bottom surface part and the lateral portion. That is, the 
single crystal 4 in the Maine chamber 2, raw material melt 6, the quartz crucible 7, a graphite crucible 8, a 
shaft 9, the graphite heater 10, the heat insulation member 11, the graphite cylinder 13, the heat insulator 14, 
and the heat insulator 1 7 of a crucible are shown among the single crystal manufacturing installations 1 here. 
Tmax (degree C) can be changed into the request range among these by changing and arranging the number 
of the heat insulators 17 of a crucible, magnitude, a location, a material, etc. especially. 
[0045] 

Moreover, Tmax (degree C) can also be changed by changing crucible size. For example, if size of a 
crucible is made smaller, V/G value which has a request defective field and/or a request defect-free field can 
be more highly set up by making crucible size small, as Tmax (degree C) can be made lower, therefore it is 
shown in drawing 6 . the size of a crucible — for example, it is larger than the single crystal diameter to pull 
up, and V/G value which can make Tmax (degree C) low enough, therefore has a request defective field 
and/or a request defect- free field by making it the range of 2.5 or less times can be set as the range high 
enough. 
[0046] 

A single crystal manufacturing installation diversifies increasingly the above manufacture approaches of the 
single crystal of this invention in recent years, it is difficult upwards to expect correctly V/G value which 
has a request defective field and/or a request defect- free field, and the demand to quality is especially 
suitable although the silicon single crystal used as a severe thing is manufactured. 
[0047] 

Furthermore, need increases, and the manufacture approach of the single crystal of this invention is 
especially effective in recent years, although the single crystal with a diameter of 200mm or more with 
which the demand to quality is also severe is manufactured. 
[0048] 

And the single crystal manufactured by the manufacture approach of the single crystal of such this invention 
is quality. 
[0049] * 
[Example] 

Hereafter, an example is given and this invention is explained concretely. 
(Example 1) 

It was presupposed using the single crystal manufacturing installation (crucible aperture of 600mm (24 
inches)) as shown in drawing 1 that a silicon single crystal with a diameter of 8 inches (200mm) is pulled up 
so that it may become N field without a whole surface Cu depository defective field. 
Therefore, first, the heat insulator was arranged in the crucible bottom surface part and the lateral portion, 
and the maximum temperature Tmax in the interface of a crucible and raw material melt (degree C) was set 
as 1514 degrees C. Thus, what is necessary is just to make the range of V/G value (mm2/K-min) into or 
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more 0.21 0.25 or less (-0.000724x1514+1.35 or less [ -0.000724x1514+1.31 or more ]) range, in order to 
manufacture the single crystal which has N field without Cu depository defective field from set-up Tmax 
(degree C) (refer to drawing 3 (c).). Therefore, in order to pull up the single crystal used as N field without a 
whole surface Cu depository defective field, insurance was taken and the range of V/G value (mm2/K-min) 
was determined as or more 0.22 0.24 or less range. Next, it controlled in the range of this determined V/G 
value (mm2/K-min), and the single crystal was pulled up. That is, in HZ of this single crystal manufacturing 
installation A, since the temperature gradient G of a solid-liquid interface was 2.337K/mm, the pull-up rate 
V was controlled and pulled up in the range of 0.51 or more mm/min0.56 mm/min. 

Thus, as a result of inspection, the silicon single crystal pulled up was N field without a whole surface Cu 
depository defective field, and was the outstanding thing of quality. 
[0050] 
(Example 2) 

It was presupposed using the same single crystal manufacturing installation as an example 1 that a silicon 
single crystal with a diameter of 8 inches (200mm) is pulled up so that it may become N field without a 
whole surface Cu depository defective field. However, the heat insulator for changing the maximum 
temperature Tmax in the interface of a crucible and raw material melt (degree C) was not prepared. 
The maximum temperature Tmax in the interface of a crucible and raw material melt of this single crystal 
manufacturing installation (degree C) was 1560 degrees C. What is necessary is just to make the range of 
V/G value (mm2/K-min) into or more 0. 1 8 0.22 or less (-0.000724x1 560+1 .35 or less [ - 
0.000724x1560+1.31 or more ]) range, in order to manufacture the single crystal which has N field without 
Cu depository defective field from this Tmax (degree C). Therefore, in order to pull up the single crystal 
used as N field without a whole surface Cu depository defective field, insurance was seen and the range of 
V/G value (mm2/K-min) was determined as or more 0.19 0.21 or less range. Next, it controlled in the range 
of this determined V/G value (mm2/K-min), and the single crystal was pulled up. That is, in HZ of this 
single crystal manufacturing installation, since the temperature gradient G of a solid-liquid interface was 
2.500K/mm, the pull-up rate V was controlled and pulled up in the range of 0.48 or more mm/min0.53 
mm/min. 

Thus, as a result of inspection, the silicon single crystal pulled up was N field without a whole surface Cu 
depository defective field, and was the outstanding thing of quality. 
[0051] 
(Example 3) 

It was presupposed using a different single crystal manufacturing installation (the aperture of a crucible is 
750mm (30 inches)) from the single crystal manufacturing installation of examples 1 and 2 that a silicon 
single crystal with a diameter of 8 inches (200mm) is pulled up so that it may become N field without a 
whole surface Cu depository defective field. 

The maximum temperature Tmax in the interface of a crucible and raw material melt of this single crystal 
manufacturing installation (degree C) was 1600 degrees C. What is necessary is just to make the range of 
V/G value (mm2/K-min) into or more 0.15 0.19 or less (-0.000724x1600+1.35 or less [ - 
0.000724x1600+1 .31 or more ]) range, in order to manufacture the single crystal which has N field without 
Cu depository defective field from this Tmax (degree C). Therefore, in order to pull up the single crystal 
used as N field without a whole surface Cu depository defective field, insurance was expected and the range 
of V/G value (mm2/K-min) was determined as or more 0.16 0.18 or less range. Next, it controlled in the 
range of this determined V/G value (mm2/K-min), and the single crystal was pulled up. That is, in HZ of 
this single crystal manufacturing installation, since the temperature gradient G of a solid-liquid interface was 
2.674K/mm, the pull-up rate V was controlled and pulled up in the range of 0.43 or more mm/min0.48 
mm/min. 

Thus, as a result of inspection, the silicon single crystal pulled up was N field without a whole surface Cu 
depository defective field, and was the outstanding thing of quality. 
[0052] 
(Example 4) 

the almost same single crystal manufacturing installation as an example 1 ~ using — a silicon single crystal 
with a diameter of 8 inches (200mm) — not a whole surface defect- free field but an OSF ring — the method 
of outside — eliminating „****** G f a crystal ~ we decided to pull up so that the whole surface may serve 
as V field mostly. However, the single crystal manufacturing installation used here adjusts the location of a 
heat insulator 14 so that the distance of the front face of raw material melt 6 and the lower limit of a heat 
insulator 14 may turn into a half distance as compared with the single crystal manufacturing installation of 
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an example 1 . 

The maximum temperature Tmax in the interface of a crucible and raw material melt of this single crystal 
manufacturing installation (degree C) was 1514 degrees C. ****** of this Tmax (degree C) to a crystal — 
what is necessary is just to make the range of V/G value (mm2/K-min) into 0.28 or more (- 
0.000724x1514+1.38 or more) range, in order for the whole surface to manufacture mostly the single crystal 
which has V field Moreover, it is necessary to make V/G value (mm2/K-min) into 1 .90 or less (- 
0.000724x1514+3.0 or less) range which is range which can be raised without a single crystal's deforming, 
therefore, ****** of a crystal — in order that the whole surface might pull up the single crystal which has V 
field mostly, insurance was expected and the range of V/G value (mm2/K-min) was determined as or more 
0.29 0.31 or less range. Next, it controlled in the range of this determined V/G value (mm2/K-min), and the 
single crystal was pulled up. That is, in HZ of this single crystal manufacturing installation, since the max G 
of the temperature gradient of a solid-liquid interface was 4.07K/mm, the pull-up rate V was controlled and 
pulled up in the 1 . 1 8 or more mm/min range of 1 .26 or less mm/min. 

thus, the silicon single crystal pulled up — the result of inspection — ****** G f a single crystal — it has 
checked that it could do with what eliminated the OSF ring almost certainly on the whole surface. 
[0053] 

According to each single crystal manufacturing installation, V/G value which has N field without Cu 
depository defective field were able to be correctly determined by using the maximum temperature Tmax in 
a crucible and a raw material melt interface (degree C) as a parameter at the time of determining V/G value 
so that examples 1-3 might show. Therefore, the single crystal which has N field without Cu depository 
defective field can be certainly pulled up by controlling to V/G value determined in this way. Moreover, the 
heat insulator was able to be arranged and V/G value which has N field without Cu depository defective 
field were able to be made high by changing Tmax (degree C) into low temperature so that examples 1 and 2 
might show. Therefore, the pull-up rate V could be set up speed and the productivity of a single crystal was 
able to be raised. 
[0054] 

In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration 
substantially with the technical thought indicated by the claim of this invention, and does the same operation 
effectiveness so, it is included by the technical range of this invention. 
[0055] 

For example, although this invention explained how to manufacture the single crystal when not adding 
impurities, such as nitrogen and carbon, (non dope) Although V/G value differs from a non dope greatly 
when adding impurities, such as nitrogen and carbon Also in this case, it has the same relation as Tmax, and 
adding amendment by Tmax to V/G value to each impurity and the defective field which changes by those 
concentration is also included by the range of this invention. 
[0056] 

[Effect of the Invention] 

As explained above, in case according to this invention V/G value is controlled and a single crystal is pulled 
up, V/G value which has a request defective field and/or a request defect- free field can be determined more 
correctly, and the single crystal of request quality can be more certainly pulled up with sufficient 
productivity. 

[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of a single crystal manufacturing installation where the heat 
insulator was arranged in the crucible bottom surface part and the lateral portion. 
[Drawing 2] It is the outline sectional view of the usual single crystal manufacturing installation. 
[Drawing 3] It is the graph which showed the range of V/G value used as the single crystal of a request 
defective field and/or a defect-free field, and Tmax. (a) The range of V/G value used as N field and an OSF 
field, and Tmax, 

(b) The range of V/G value used as V field, and Tmax, 

(c) The range of V/G value used as N field without Cu depository defective field, and Tmax. 
[Drawing 4] It is the graph which shows V/G value of the boundary of Nv field and nickel field, and the 
relation of Tmax (degree C). 

[Drawing 5] It is the explanatory view showing defective distribution of a growth rate and a crystal. 
[Drawing 6] It is the graph which shows V/G value of the boundary of Nv field and nickel field, and the 
relation of crucible aperture. 
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[Description of Notations] 

I — Single crystal manufacturing installation 2 — Maine chamber 3 — Pull-up chamber, 
4 -- Single crystal 5 ~ Wire 6 Raw material melt 7 -- Quartz crucible, 

8 ~ Graphite crucible 9 — Shaft 10 ~ Graphite heater, 

I I — Heat insulation member 12 — Cooling dome 13 - Graphite cylinder 14 — Heat insulator, 
15 — Seed electrode holder 16 — Seed crystal 17 — Heat insulator. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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[Translation done.] 
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